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• Past
• Chlorinated Pesticides
• Brominated flame retardants
• Present
• Antibiotics and pharmaceuticals 
• Endocrine disrupting compounds
• Future
• Engineered nanomaterials
Fate, Effects, and Treatment of  Contaminants
• Analytical Techniques
• Occurrence in Environment
• Bioaccumulation and Biotransformations
• Ecological and Human Health Impacts



















What are Emerging Contaminants
• Antibiotics and other pharmaceuticals
• Personal care products 
• Estrogens and other hormones
• New Halogenated flame retardants
• Engineered nanomaterials
• Occurrence in the environment has been reported only in the last 20 years
• Cause adverse ecological and human health effects at very  low levels 
• Man-made and naturally occurring chemicals
Environmental Impacts of Emerging Contaminants
Envi. Sci. Technol. 2003, v.37,    Issue 17
studies over the past 10 years have 
linked natural and synthetic estrogen in 
wastewater to feminization of male fish
6
Important Milestones on Emerging Contaminants Research
Noguera-Oviedo, K.; Aga, D.S. Journal of Hazardous Materials, 2016, 316, 242-251
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Two Decades of Publications on Emerging Contaminants
Web of Science search entry: ((pharmaceutic* OR drug OR drugs) AND (effluent*OR wastewater* OR 
waste water* OR river* OR stream* OR sedimen* OR (waterNEAR/8 pollut*))) OR ((emergent or emerging) 
NEAR/5 contamina*) OR endocrin*NEAR/4 disrupt* OR estrogenic NEAR/4 (compound* OR chemical*).
LESSON #1
Human pharmaceuticals and personal care products (PPCPs) are 
introduced into the environment because they are not completely 
eliminated in treatment systems
Kolpin et. al, Environ. Sci. Technol., 2002, 36, pp 1202–1211
Differences in Efficiencies of Wastewater Treatment 







Removal in Conventional Activated Sludge (CAS) and 
Membrane Bioreactors (MBR)
Celiz, M.D.; Pérez, S; Barcelo, D.; Aga, D.S. Journal of Chromatographic Science, 2009, 47, 19-25.
Trimethoprim Removal
~ 29 % removal for conventional activated sludge (CAS) & 
~ >85 % removal for membrane bioreactor (MBR)







No significant removal in CAS or MBR




UV technologies combined 
with H2O2 generate hydroxyl 
radicals 
Advanced Oxidation Process (AOP) followed by Biofiltration is a very 
promising technology to  mineralize recalcitrant pharmaceuticals
LESSON #2







(mixed liquor from WWTP)
1 mg/L “cold” CBZ + 0.262 mg/L “hot” CBZ
Degrade H2O2 with 
bovine catalase

















































Liquid Scintillation Counting of Samples After Biofiltration
Keen, O.S.; Baik, S.; Linden, K.G.; Aga, D.S.; Love, N.G. Environ. Sci. Technol. 2012, 46, 6222-27 
Radiochromatograms of CBZ after AOP-Biofiltration
Carbamazepine
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Keen et al. Environ. Sci. Technol. 2013, 6222-6227
E. Marco-Urrea et. al. (2010) Water Research, 44,521-532
S. Chiron et. al. (2006) Env. Sci. Tech., 40, 5977-5983
The pilot system






































LP UV Equalization 
tank










Flow meter Sampling port
Flow regulator
 UV dose 750 - 1500 mJ/cm2
 Nitrate (native) 13.1 mg/L-N
 Added H2O2 = 10 mg/L







(mixed liquor from WWTP)
10 mg/L “cold” IOP + 0.3 mg/L “hot” IOP





















































A.  Without UV/H2O2




































































Biodegradable Transformation Products of Iopromide

















Veterinary drugs are introduced into the environment through 
land application of manure
Manure as fertilizer
• Lower cost of crop 
production
• Improve soil water infiltration
• Reduce soil erosion potential
2013 Sales of Antimicrobial Drugs 
Approved in Food-Producing Animals in the US
US Food and Drug Administration, 2015. Summary Report: Antimicrobials Sold or Distributed for Use in 
Food- Producing Animals.
Class Annual Total (Kg)
Tetracyclines 6,514,779







Others (e.g. Polypeptides, Streptogramins) 1,527,646
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Even advanced manure treatment systems do not  remove 
antibiotics, hormones, and antibiotic resistance genes
A 2,200-cow dairy with an advanced digestion facility that includes a pasteurization 
step (1h, 67 °C), followed by a 22-day anaerobic digestion process. 
LESSON #4
Sampling Points in Advanced Digestion System
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Antibiotics Used in Dairy Farms:







Antibiotics in Digester Manure
Sampling Point






























ARGs by Digester Location
Sampling Location 







































Ionophore in Manure 
treated by Livestock 
Water Recycling 
(LWR) Unit
The system can extract up 
to 70 percent of the water 
out of the manure while 
leaving the nutrients in a 
separate concentrated form.
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Sampling points in Dairy Farm with LWR
1) Fresh Separated Solids
2) Fresh Separated Liquids
3) Stored Separated Solids
4) Stored Separated Liquids
5) Flush Lagoon





Ionophore Concentrations in Solid Manure




























n=2 samples per condition
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Ionophore Concentrations in Liquid Manure



























n=2 samples per sampling site























Estrogens in Digester Manure (Winter)
LESSON #5

















































































Raw Manure Post Digestion
Inter-conversion of Estrogens During  Anaerobic Digestion
Transformation of EE2 by Ammonia Oxidizing Bacteria
EE2
EE2
Environ. Sci. Technol. 2009, 43, 3549-3555
Radiochromatogram Reveals Additional 
Metabolites in Heterotrophic Cultures
Skotnicka-Pitak, et al. Environ. Sci. Technol. 2009, 43, 3549-3555
Importance of Transformation Products








Emerging contaminants are spread in the environment and may 











































































































Urine has naturally high levels of N,P,K, exact ratios are diet 
dependent, but ~10:1:4
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Use of Urine and Struvite as Fertilizer
<1% of the total volume of 
wastewater
Direct use as liquid 
fertilizer 




use as solid fertilizer
Lettuce and Carrot Sampling Set-Up
• Lettuce and carrots are sampled when “market” ready
• They are washed to simulate typical salad preparation
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Pharmaceuticals






























Pharmaceuticals in Urine and Struvite
(using the same urine feedstock)
Pharmaceuticals in Lettuce
Pharmaceuticals

























Pharmaceuticals in Lettuce Treated with Struvite and Urine
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Pharmaceuticals
























Struvite: Carrot Core 
Struvite: Carrot Peel
Urine: Carrot Core 
Urine: Carrot Peel
Carrot Core and Peel
Pharmaceuticals in Carrot Treated with Struvite and Urine
49










According to USDA avg carrot weighs ~ 122 g
265.4 ug/kg 26.54 ug/kg
Freeze dried:
Concentration 
is 10x because 
carrots are >90% 
water 
Pharmaceutical levels in crops vs. tablets
Challenges in the analysis of emerging contaminants limit our knowledge
Manure Sample Collection Sample Preparation
LESSON #7
Manure Sample Collection
Challenges in the Analysis of Antibiotics in Animal Wastes
Challenges in Antibiotic Analysis
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Accelerated Solvent Extraction (ASE) of Solid Samples
Oxytetracycline
Chlortetracycline







(Ho et al. 2014)
Extraction
(3x5 mL 20:30:50 ACN/MeOH/Buffer)
Dilution
(Addition of 400 mL nanopure water)
SPE Cleanup
(NH2:HLB – 0.5-1.0 mL/min)
Elution
(10 mL MeOH)
50µL of 500ppb standard 
(natives and surrogates)
Evaporation & Reconstitution
(1.0 mL in 95/5:H2O MeOH + 0.1% HA) 
LC/MS/MS Analysis
(Standard Addition and isotope Dilution) 
Signal Interference from Co-extracted Matrix
O'Connor, S.; Locke, J.; Aga, D. S., Addresing the chalenges of tetracycline analysis in soil: extraction, clean-
up, and matrix effects in LC-MS. Journal of Environmental Monitoring 2007, 9, (11), 1254-1262. 




• Time of flight
• Orbitrap
















1 Batt, A.L. and D.S. Aga, Simultaneous Analysis of Multiple Classes of Antibiotics by Ion Trap LC/MS/MS for 
Assessing Surface Water and Groundwater Contamination. Analytical Chemistry, 2005, 77, 2940-2947.




D.  Fredonia 
Waste Water Effluent


















































































































































Avoiding “false positives” using MS/MS
m/z 716  522, 558[M-H2O+H]+ = m/z 716 24.6
24.6

































Quantification by Isotope Dilution
Measurement of analyte mixed with known amount of 
isotopically-labeled analyte (2H or 13C)
LESSON #8: No “One-Size Fits All” Method
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(2011, 59, 2213-2222)
Estrogens From Poultry Litter
• Contains: chicken excrement, malted feathers, dead birds, food, 
bedding (sawdust, wood chips, peanut shells, etc.)
• Delmarva Poultry Production
– Produces > 565,000,000 broiler chickens/yr (~7% of US total)
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Dansyl Chloride Estrogen Derivatized Estrogen
Pyridine-3-Sulfonyl 

























Lin, et al., Rapid Commun. Mass Spectrom. 2007, 21, 1973-1983
Szarka, et al., Anal. Bioanal. Chem. 2013, 405, 3399-3406
Xu, Spink, Anal. Biochem. 2008, 375, 105-114




























Importance of Transformation Products: Tetracyclines


































































































• US Department of Agriculture
• US Environmental Protection Agency
• National Science Foundation
• Water Environment Research Foundation
• New York State Pollution Prevention Institute
Good funding and excellent students are key to finding solutions to 
























































































According to USDA avg carrot weighs ~ 122 g
265.4 ug/kg 26.54 ug/kg
Freeze dried:
Concentration 
is 10x because 
carrots are >90% 
water 
Pharmaceutical levels in 
crops vs. tablets
